Three new phenylethanoid glycosides, viz. monnierasides I-III (1-3) along with the known analogue plantainoside B were isolated from the glycosidic fraction of Bacopa monniera. Their structures were elucidated mainly on the basis of two dimensional (2D) NMR spectral analyses.
The reputation of Bacopa monniera WETTST. as a nervine tonic is well known in Indian traditional medicine. 1) Recent pharmacological studies indeed confirmed the activity. [2] [3] [4] It was also confirmed that the activity was due to the glycosides present in the alcoholic extract of the plant. Because of the presence of a large number of glycosidic constituents in the extract as an intimate mixture, two groups of workers could isolate and characterize only a part of the constituents. [5] [6] [7] [8] [9] [10] In view of the increasing interest on this herb drug, we undertook a thorough chemical reinvestigation of the glycosidic fraction of the methanol extract of the plant. We have already reported 11, 12) two new triterpenoid glycosides, viz. bacopasides I and II from the methanol extract of the plant. Further investigation on the extract led to the isolation of four phenylethanoid glycosides, of which the three new compounds have been designated as monnierasides I-III (1-3). The fourth one has been proved to be identical with plantainoside B 13) (4) . The present paper reports the isolation and structure elucidation of three new glycosides (1-3).
Results and Discussion
The phenylethanoid glycosides (1-4) were isolated from the EtOAc soluble fraction of the methanol extract of the plant on repeated chromatography over silica gel and Diaion HP-20 followed by prep. HPLC.
The high resolution positive ion FAB mass spectrum (FAB-MS) of monnieraside I (1) showed the [MϩH] ϩ ion at m/z 421.1512 corresponding to the molecular formula C 21 H 24 O 9 . Its 13 C-NMR spectrum ( The high resolution positive ion FAB-MS of the monnieraside II (2) showed the [MϩH] ϩ at m/z 493.1760 corresponding to the molecular formula C 24 H 28 O 11 . Its 13 C-NMR spectrum (Table 1) (Table 2) of the compound exhibited a pair of mutually coupled doublets at d 6.37 (H-bЉ) and 7.63 (H-gЉ) with Jϭ16.0 Hz indicating that the compound is a trans cinnamoyl ester. Finally, the total structure of the compound could be elucidated from its HMBC correlation data as in the sequel.
Two and three-bond correlations of the proton signals at d 3.64, 4.01 (H 2 -a), 2.67 (H 2 -b), 6 .61 (H-2), 6.58 (H-5) and 6.48 (H-6) with those of the neighbouring carbons indicated that the aglycone moiety is a 3,4-dihydroxyphenylethyl alcohol and it is attached to the glucose unit through its C-a (d 71.8) carbon atom. Again, the correlations of the proton signals at d 6.37 (H-bЉ), 7.63 (H-gЉ), 7.20 (H-2Љ), 6.81 (H-5Љ) and 7.09 (H-6Љ) demonstrated that the ester group must be either 3-methoxy-4-hydroxycinnamoyl or 3-hydroxy-4-methoxy-cinnamoyl. That it is 3-methoxy-4-hydroxy-cinnamoyl group was evident from the substantial NOE observed for the OMe proton signal on irradiation of the H-2Љ signal. Moreover, the three-bond correlation of the H-2Ј proton signal ( 
III (3) showed the [MϩH]
ϩ at m/z 437.1439 corresponding to the molecular formula C 21 H 24 O 10 which is one oxygen atom more than that of monnieraside I (1). A comparison of its 13 C chemical shifts with those of 1 (Table 1) revealed that the aglycone moiety of 3 must have two phenolic OH groups as against one in that of 1. Its 1 H-NMR spectrum (Table 2 ) displayed two ortho coupled signals at d 6.39 (dd, Jϭ8.0, 2.0 Hz, H-6) and 6.46 (d, Jϭ8.0 Hz, H-5), the former being also meta coupled to another proton resonating at d 6.54 (d, Jϭ2.0 Hz, H-2). It was therefore assumed that the aglycone of 3 must be 3,4-dihydroxyphenylethanol. The HMBC data of the compound also fully corroborated the above assumption.
Monnieraside III was, therefore, represented as
Experimental
Optical rotations were measured in MeOH solutions. IR spectra were recorded using KBr discs. 1D and 2D NMR spectra were recorded on 500 and 600 MHz instruments in pyridine-d 5 with tetramethylsilane as an internal standard. FAB-MS were recorded using nitrobenzylalcohol as the matrix. HPLC was performed on a C 18 column (5 m, 8 mm i.d.ϫ250 mm, detector, RI) with H 2 O-MeCN (9 : 1) as the mobile phase.
Plant Material The aerial parts of Bacopa monniera collected during May-June were supplied by M/s United Chemicals and Allied Products, 10, Clive Row, Kolkata-700001, India and a voucher specimen is available in the herbarium of the company.
Extraction and Isolation of Compounds
The air-dried and powdered aerial parts of Bacopa monniera (4.4 kg) were defatted with petroleum ether (bp 60-80°C) in a soxhlet apparatus. The defatted material was then extracted three times with MeOH in a percolator at room temp. The combined MeOH extract was concentrated and kept over night at room temp. and filtered.
The filtrate was diluted with water and shaken in a separating funnel with EtOAc (250 mlϫ8). The combined EtOAc extract on removal of the solvent yielded a gummy material (20 gm) which was subjected to column chromatography (CC) over silica gel. On elution with CHCl 3 -MeOH (9 : 1 and 8 : 2) yielded a gummy material containing 1 and 2 (fr. A), while further elution with CHCl 3 -MeOH (7 : 3 and 6 : 4) afforded a mixture of 3 and 4 (fr. B). Both the fractions were separately chromatographed over Diaion HP-20 and eluted respectively with MeOH-H 2 O (1 : 1 and 1 : 3). The residues obtained from frs. A and B were further purified by prep. HPLC using H 2 O-MeCN (9 : 1) as the mobile phase to yield pure 1 (30 mg), 2 (21 mg), 3 (12 mg) and 4 (32 mg). Table 2. 13 C-NMR data were found to be almost identical to those reported.
12)
Hydrolysis of 1-3 Compounds 1 (4 mg), 2 (5 mg) and 3 (2 mg) were dissolved separately in 1% H 2 SO 4 in H 2 O (4 ml each) and refluxed for 1 h. The resulting reaction mixtures were neutralized with NaHCO 3 , passed through Bond Elut C 18 and were evaporated to dryness in vacuo. The residues were triturated with MeOH and the MeOH solution was evaporated. The residues were dissolved in H 2 O-MeCN (1 : 2) and subjected to HPLC analysis using Waters carbohydrate column (4.6 mmϫ250 mm) and H 2 OMeCN (1 : 4) as the mobile phase. Co-injection of the samples with glucose showed single peaks at retention time of 3.7 min in all the three cases.
